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INTRODUCTION

Gravity data were collected between 1999 and 2002 along transects in the Talkeetna Mountains of
south-central Alaska as part of a geological and geophysical study of the framework geology of the region.
The study arealies between 61° 30" and 63° 45" N. latitude and 145° and 151° W. longitude. This data set
includes 408 gravity stations. These data, combined with the pre-existing 3,286 stations, brings the total
datain this areato 3,694 gravity stations. Principal facts for the 408 new gravity stations and the 15 gravity
base stations used for control are listed in this report. Principal facts of previously collected gravity datain
Alaska are available at:

http://wrgis.wr.usgs.gov/docs/qump/morin/al aska/al aska.html

During the summer of 1999, a gravity survey was conducted in the western Talkeetna Mountains.
Measurements at 55 gravity stations were made. One gravity base station was used for control for this
survey. This base station, STEP, is located at the Stephan Lake Lodge on Stephan Lake. The observed
gravity of this station was calculated based on an indirect tie to base station ANCL in Anchorage. The
temporary base used to tie between STEP and ANCL was REGL in Anchorage.

During the summer of 2000, a gravity survey was conducted in the western Talkeetna Mountains.
Measurements at 56 gravity stations were made. One gravity base station was used for control for this
survey. This base station, GRHS, is located at the Gracious House Lodge on the Denai Highway. The
observed gravity of this station was calculated based on multiple ties to base stations D87, and D57 along
the Denali Highway.

During the summer of 2001, a gravity survey was conducted in the western Talkeetna Mountains.
Measurements at 90 gravity stations were made. One gravity base station was used for control for this
survey. This base station, HLML, is located at the High Lake Lodge. The observed gravity of this station
was calculated based on multiple ties to base stations ANCU in Anchorage, PALH in Palmer, WASA in
Wasilla, and TLKM in Talkeetna.

Also during the summer of 2001, a gravity survey was conducted in the vicinity of Tangle Lakes.
Measurements at 86 gravity stations were made. The Tangle Lakes area is located about 25 km west of
Paxson and north of the Denali Highway. One gravity base station was used for control for this survey.
This base station, TLIN, is located at the Tangle Lakes Inn. The observed gravity of this station was
calculated based on multiple ties to base stations ANCU in Anchorage, PALH in Palmer, BD27 in Gulkana,
B-07 on the Richardson Highway, and base stations D42, and D57 along the Denali Highway.

During the summer of 2002, measurements at an additional 107 gravity stations were made in the
vicinity of Tangle Lakes. Base station TLIN at the Tangle Lakes Inn was again used for control. Additional
ties to base stations ANCU and B-07 were made.



GRAVITY REDUCTION

Conversion to milligals are made using factory calibration constants and a calibration factor which
varies with each gravity meter and has been determined by multiple gravity readings over the Mt. Hamilton
calibration loop east of San Jose, CA (Barnes and others, 1969). Observed gravity values are based on an
assumed linear drift between successive base readings. Theoretical gravity at sea level is based on the
Geodetic Reference System 1967 (GRS 67) (International Association of Geodesy, 1971, p. 58) for the
shape of the spheroid. The datum for the observed gravity is the International Gravity Standardization Net
1971 (IGSN 71) (Morelli, 1974. p. 18). Observed gravities are calculated by adding meter drift and earth-
tide corrections to the milligal equivalent meter readings. Free-air anomalies are calculated by subtracting
the theoretical gravity from the observed gravity and adding the free-air correction as defined by Swick
(1942, p. 65). Simple Bouguer anomalies are calculated by adding the free-air anomaly to the Bouguer
correction, which accounts for the attraction of rocks between the station and sea level using arock density
of 2.67 g/lcm®. Complete Bouguer anomalies are calculated by adding the terrain correction to the simple
Bouguer anomaly. Isostatic anomalies are calculated by adding the isostatic correction to the complete

Bouguer anomaly.

Horizontal control for data collected in 1999 was made by navigating from U.S. Geological
Survey (USGS) 1:63,360 scale topographic maps. Horizontal control for data collected in 2000, 2001, and
2002 is provided by small portable Global Positioning Systems, referred to as GPS. USGS topographic
maps at a scale of 1:63,360 are used for vertical control. Total terrain corrections consist of inner and outer
terrain corrections. The inner terrain correction typically includes a field terrain correction and a hand
terrain correction. Field terrain corrections are made in the field to calculate the effect of the local terrain
from the station to a radial distance of 53 m (Hammer zones A through C) (Hammer, 1939). Field terrain
corrections were not measured for data collected in 1999. Hand terrain corrections for radial distances
between 53 m and 0.39 km from the station are made by estimating average elevations from topographic
maps and using tables by Hammer (Hammer, 1939) for Hammer zones D through E (Hammer, 1939). No
hand terrain corrections were made for the data in this report. Outer terrain corrections, from a radia
distance of 0.39 km (Hammer zone F) (Hammer, 1939) from the station to a radial distance of 166.7 km,
were computed with a FORTRAN program (Plouff, 1966, 1977; Godson and Plouff, 1988) and a digital
elevation model. These data are processed with an isostatic reduction program (Jachens and Roberts, 1981)
to compensate for the effects of crustal roots that buoyantly support topography. The isostatic reduction
assumes an Airy-Heiskanen model with the following parameters from the station to 166.7 km: density of
topography above sea level, 2.67 g/cm?; crustal thickness at sea level, 25 km; density contrast across the
base of the model crust, 0.4 g/cm®. From 166.7 km to a point on the opposite side of the Earth, isostatic and
terrain corrections were taken off maps by Karki and others (1961). These corrections were added to the

output of the isostatic program of Jachens and Roberts (1981) to produce the isostatic anomalies.



ISOSTATIC GRAVITY DATA

Figure 1 shows the location of the gravity data collected from 1999 through 2002 as well as earlier
data. The data points are plotted on a topographic base generated from a digital elevation model (DEM). A
colored isostatic gravity grid of the combined data sets is shown in figure 2. Table 1 lists the principal facts
of the gravity stations collected in 1999, 2000, 2001, and 2002. More detailed information about the
individual data sets are found in table 2. Table 3 is an explanation of the data.

Table 2 gives detailed information on individual data sets. Data set codes from table 1 are unique
for each day of data. The following two fields list the project name under which the data were collected and
a traverse name, that best describes the geographic area in which the data were collected. The fourth field
provides the date that the data were collected. Following the date field is the field listing the meter name
and type. A type 1 meter is one that only has a single meter factor, supplied from the manufacturer, that is
applied to each reading. A type 0 meter has a table of calibration constants, which vary with the range of
the dial reading, supplied from the manufacturer. A type 2 meter is one that has a table of calibration
constants supplied from the manufacturer plus an additional factor determined by multiple gravity readings
over the Mt. Hamilton calibration loop east of San Jose, CA (Barnes and others, 1969). The next field isthe
meter factor followed by the hours west of Greenwich Mean Time where the data were collected. Then the

project chief and the party members are listed in the far right column.

Table 3 provides an explanation to the columns of data and codes in table 1. Inner terrain
corrections generally include field terrain corrections, as explained earlier, and hand terrain corrections,
which are made by calculating the effect of the terrain beyond the field correction to a radial distance of

0.39 km. None of the dataiin this report, however, include hand terrain corrections.
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Fiqure 1. Topographic indes map of study area showang gravity station locatores Black circles, previous aranty statons dark blue arcles, 1

1999 data; red cirdes, 2000 data; green and orange circles, 2001 data; light blue crcles, 2002 data. Ked triangles, base statiors in shady
area. Fed lines showe road locations Major bighaweays are labled.
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Figure 2. lsoatatc gravty map of study area, cortour interval 7 mGal Data aridded at 1 = 1 kmointerval. Black cirdes, previous
aravty statiors dark blue cirdes 1999 data; red cirdes, 2000 data; areen and crange circles 2001 data; light blue drcles, 2002
data.
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Table 2. Data set information

[W, Worden gravity meter; G, LaCoste and Romberg gravity meter; GMT, Greenwich mean

time]
DATA SET PROJECT TRAVERSE NAME DATA SET METER AND METER  GMT PROJECT OBSERVERS
CODE NAME DATE TYPE FACTOR CHIEF
CAO1.BAL TALK MNTS STEPHAN LAKE 07/07/1999 w177 1 0.49100 8 MORIN KULIK
CAO2.BAL TALK MNTS STEPHAN LAKE 07/09/1999 w177 1 0.49100 8 MORIN KULIK
CAO3.BAL TALK MNTS STEPHAN LAKE 07/10/1999 w177 1 0.49100 8 MORIN KULIK
CAO5.BAL TALK MNTS BASE TIES 10/15/1999 w177 1 0.49100 8 MORIN KULIK
CA10.BAL TALK MTNS BASE TIES 06/15/2000 G614 2 1.00038 8 GLEN
CA11.BAL TALK MTNS BASE TIES 06/16/2000 G614 2 1.00038 8 GLEN
CA12_BAL TALK MTNS KOSINA TO TSISI 06/17/2000 G614 2 1.00038 8 GLEN
CA13.BAL TALK MTNS TSISI TO FOG 06/18/2000 G614 2 1.00038 8 GLEN
CA14 _BAL TALK MTNS FOG TO DEVIL 06/19/2000 G614 2 1.00038 8 GLEN
CA15.BAL TALK MTNS FOG TO TSUSENA 06/20/2000 G614 2 1.00038 8 GLEN
CA20.BAL TALK MTNS BASE TIES 06/17/2001 G614 2 1.00038 8 GLEN
CA21.BAL TALK MTNS BASE TIES 06/18/2001 G614 2 1.00038 8 GLEN
CA22 _BAL TALK MTNS BASE TIES 06/26/2001 G614 2 1.00038 8 GLEN
CA23_.BAL TALK MTNS JAINA TO GREBE 06/19/2001 G614 2 1.00038 8 GLEN
CA24 .BAL TALK MTNS GREBE 2 CHUNILNA06/20/2001 G614 2 1.00038 8 GLEN
CA25_BAL TALK MTNS DEVIL TO BROAD P06/21/2001 G614 2 1.00038 8 GLEN
CA26 .BAL TALK MTNS CHUNILNA 2 MIAMI06/22/2001 G614 2 1.00038 8 GLEN
CA27 .BAL TALK MTNS BROAD 2 LOOKOUT 06/23/2001 G614 2 1.00038 8 GLEN
CA28_BAL TALK MTNS REMUS TO KOSINA 06/24/2001 G614 2 1.00038 8 GLEN
CA29_BAL TALK MTNS MONAHAN 2 WATANA06/25/2001 G614 2 1.00038 8 GLEN
CA30.BAL TALK MTNS BASE TIES 08/13/2001 G614 2 1.00038 8 GLEN GLEN
CA31.BAL TALK MTNS BASE TIES 08/14/2001 G614 2 1.00038 8 GLEN GLEN
CA32_.BAL TALK MTNS BASE,LONG TANGLE08/15/2001 G614 2 1.00038 8 GLEN GLEN
CA33.BAL TALK MTNS OSAR L,EUREKA CR08/16/2001 G614 2 1.00038 8 GLEN GLEN
CA34_BAL TALK MTNS MACLAREN,LANDMARO8/17/2001 G614 2 1.00038 8 GLEN GLEN
CA35.BAL TALK MTNS WEST F,WILDHORSE08/15/2001 G614 2 1.00038 8 GLEN GLEN
CA36.BAL TALK MTNS BASE TIES 08/19/2001 G614 2 1.00038 8 GLEN GLEN
CA40.BAL TALK MTNS BASE TIES 06/27/2002 G17C 2 1.00078 8 GLEN GLEN
CA41_.BAL TALK MTNS BASE TIES 06/28/2002 G17C 2 1.00078 8 GLEN GLEN
CA42 _.BAL TALK MTNS EUREKA GLACIER 06/29/2002 G17C 2 1.00078 8 GLEN GLEN
CA43_BAL TALK MTNS EUREKA2 17M LAKE06/30/2002 G17C 2 1.00078 8 GLEN GLEN
CA44 .BAL TALK MTNS RAINY-MCCALLUM 07/01/2002 G17C 2 1.00078 8 GLEN GLEN
CA45_BAL TALK MTNS FIELDING LAKE 07/02/2002 G17C 2 1.00078 8 GLEN GLEN
CA46 .BAL TALK MTNS CLEARWATER MTNS 07/03/2002 G17C 2 1.00078 8 GLEN GLEN
CA47 _.BAL TALK MTNS CLEARW 2 CANWELLO7/04/2002 G17C 2 1.00078 8 GLEN GLEN
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Table 3. Explanation of data

Fortran
Col um For mat Contents
1-4 ad Station name
5-8 a4 Auxi liary station name, descriptor, or addition to station nane
9 1x Bl ank
10-11 f2.0 Latitude of station in degrees
12 1x Bl ank
13-17 f5.2 Mnutes of latitude to 0.01 minute
18 1x Bl ank
19-21 f3.0 Longitude in degrees
22 1x Bl ank
23-27 f5.2 Mnutes of longitude to 0.01 minute
28 1x Bl ank
29- 35 f7.1 Elevation in feet to 0.1 feet
36 1x Bl ank
37-45 f9.2 (bserved gravity to 0.01 milligal
46 1x Bl ank
a7 al Locati on source code
48 al Gravity source code
49 al El evati on source code
50 al Si npl e Bouguer anomraly accuracy code
51 1x Bl ank
52-58 f7.2 Free air anomaly to 0.01 mlligal
59 1x Bl ank
60- 66 f7.2 Sinple Bouguer anonmaly to 0.01 milligal
67 1x Bl ank
68-73 f6.2 Inner-zone terrain correction fromstation to 0.39 kmto 0.01 milligal
74 1x Bl ank
75- 80 f6.2 Terrain correction from0.39 kmto 166.7 kmto 0.01 milligal
81-83 3x Bl ank
84-90 f7.2 Conpl ete Bouguer anomaly to 0.01 mlligal
91 1x Bl ank
92-98 f7.2 lsostatic anonaly to 0.01 milligal
99 1x Bl ank
100- 103 ad Dat a set code
104 1x Bl ank
105 al Dat um code
106 1x Bl ank
107-112 f6.0 Second el evation in whole feet
113 1x Bl ank
114 al Second el evati on source code
115 1x Bl ank
116-121 f6.1 Sinple Bouguer anonmly based on second elevation to 0.1 milligal
122 1x Bl ank
123-126 a4 | sostatic anonaly code
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Table 3. Continued.

Catitudes and Tongitudes are on the North American Datum of 1927 (NADZ7).
El evations are on the National Ceodetic Vertical Datum of 1929 (NGVD29).
Theoretical gravity at sea level is based on the Geodetic Reference System 1967 (GRS67).
bserved gravity is on the I GSN71 datum
Terrain corrections are calculated fromO0.39 kmto 166.7 km by conputer program
I naccuracies in station elevations can generate |large inner zone corrections
between the station and 0.39 km
Val ues shown in the inner zone colum are usually field corrections, which are field
estimates fromthe station to a radial distance of 53 m
The isostatic reduction assunes an Airy-Hei skanen nodel with the follow ng paraneters
fromthe station to 166.7 km
density of topography above sea |level, 2.67 g/cc
crustal thickness at sea |level, 25 km
density contrast across the base of the nodel crust, 0.4 g/cc
From 166.7 kmto a point on the opposite side of the Earth, isostatic and terrain
corrections were taken of f maps by Karki .

Locati on source code, colum 47
[ NGS, National Geodetic Survey]

Map used for field work transfer from
or for reading latitudes and | ongitudes good poor transfer smal | er scale
or which controlled |ocation position location location fromphoto field map

Moder n published maps, scale 1:63, 360 A B C D
A d or unpublished maps, scale 1:63, 360 F G H |
Modern 1: 250, 000 scal e maps K L M N
Reconnai ssance 1:250,000 scal e nmaps P Q R S
NGS or special maps U \% W X

Data from ot her agencies........ Y

Locati on from special survey....Z

No location..................... ?

Esti mated or assuned location...#

Near a bench mark............... @

Location fromdifferential GPS..$

Location fromGPS............... %

Gravity source code, column 48

3 ties ot her ties or drift loops lasting

within nultiple

Type of neter 0.1 m&l ties <6 hours 6-24 hours 1-4 days >4 days
LaCoste & Romberg Geodetic A B C D E F
neters
Worden or (loop drift control) G H | J K L
Worl d-Wde (other drift control) M N (@) P Q R
nmeters (no drift control) S T U
A d LaCoste & Ronberg or other
t her nost at ed neters \% W X

Data from ot her agencies...Y
Reasons to expect errors...Z

18



Table 3. Continued.

El evati on source code, colum 49

[USWB, U.S. Weat her Bureau; FAA Federal

Avi ation Adm nistration;

Wsc, University of Wsconsin]
hi ghway & usvB
rail way speci al FAA
bench marks surveys sea Level surveys W sc
Surveys, etc. A B C D E
bl ack br own bl ue unpubl 1 shed maps
Map el evations F G H I
Cont our interval
0-50 ft 100 ft 200 ft
Ri ver gradient interpolation J K L
Good contour interpolation M N (0]
Poor contour interpolation P P Q
Altinetry Base Di stance
<15 mTes 15-70 mlTes >70 mles
Good repeat ed readi ngs R S -
Al'ticorder or other good base control T U -
Poor control \% w X
Altinetry involving special adjustnments......... Y
No data........ ... ?
El evation fromnearby bench marks............... @

19



Table 3. Continued.

Si npl e Bouguer anomaly accuracy code, columm 50

Gavity
Anonal y
Accur acy,
Code mlligals Typi cal gravity or elevation types
1 0.01 Local surveys with special gravity neters and | eveling
2 0.02 Mul tiple readings with LaCoste & Ronberg nmeters on hard, surveyed
sur f aces
3 0. 05 Aver age LaCoste & Ronberg data at stable bench narks
4 0.10 Aver age LaCoste & Ronberg or Wrden data at sea |level or frost-
affected bench marks
5 0.2 Worden or LaCoste & Ronberg data with poor drift or closure errors
or average data at vertical angle bench marks
6 0.5 Data from|loops with closure errors this large, or good data using
river gradients, good photogrametric el evations or well
controlled altinetry
7 1.0 Most surveys based on reasonable altimetry
8 2.0 Dat a using noderate-distance altimetry in variable weather or spot
el evations on 100-ft contour interval naps
9 5.0 Data using long-range altinmetry in bad weather or contour
interpol ation on 200-ft contour interval maps
0 >5.0 Data from surveys using |long-distance altinetry or altinetry with

control failures or errors or sone 500-ft contour interval
reconnai ssance neps

Data set code, columms 100-103

This is a unique code for each data set of USGS Al aska gravity data. This code refers

to the original field data which include the project nane, traverse, date collected
identity of gravity neter used, gravity and altimeter bases, observed gravity of gravity
base, time of each reading, nmeter reading, altineter reading, reference el evation, base
altimeter, and wet and dry bul b tenperatures

Dat um code, columm 105

N or blank......... 1967 el lipsoid and conversion of Barnes Al aska datumto | GSN-71
dat um

| sostatic anonaly code, colums 123-126

1 SO Indicates isostatic correction nmade fromstation to 166.7 km
| SOW I ndicates isostatic correction nmade for the whole earth

20



	ILLUSTRATIONS
	TABLES
	INTRODUCTION
	GRAVITY REDUCTION
	ISOSTATIC GRAVITY DATA
	ACKNOWLEDGMENTS
	REFERENCES CITED



